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A Function for Egf Receptor Signaling in
Expanding the Developing Brain in Drosophila
the brain forming around this tissue (I will refer to this
part of the brain as the midbrain) (see Figure 1A). Does
the foregut act as a replacement for the neural midline
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Cambridge CB2 2QH in this region?
Here, I show that Sim is strongly expressed in theUnited Kingdom
foregut, where this tissue intersects with the brain, but
not in the brain lateral to the foregut. rhomboid and vein
are also expressed in the foregut. I examine the functionSummary
of these genes and find that they are required for the
formation of the brain lateral to the foregut cells in whichBackground: In invertebrates and vertebrates, neural
they are expressed.midline cells secrete signals that pattern the central ner-
vous system (CNS). However, an important part of the
developing insect brain, involved in functions such as
Results and Discussionolfaction and feeding behavior, is positioned lateral to
the foregut and lacks neural cells at the midline. Could
Expression of Neural-Midline Markers in the Brainthe foregut substitute for neural midline cells and se-
The embryonic Drosophila brain consists of three neu-crete signals that pattern this part of the brain?
romeres in the supraesophageal ganglion—the proto-Results: In Drosophila embryos, the neural midline
cerebral, deutocerebral, and tritocerebral neuromeres—marker Single-minded is expressed in foregut cells adja-
and three neuromeres in the subesophageal ganglion.cent to the brain, as are members of the Egf receptor
The protocerebral neuromere forms dorsal to the fore-signaling pathway. Removing the function of these mol-
gut, while the deutocerebral and tritocerebral neurom-ecules results in aberrant proliferation and reduced size
eres are found lateral to the foregut at the end of em-in the brain lateral to the foregut.
bryogenesis. Examining the placement of the foregutConclusions: Cells of the brain lateral to the foregut
relative to these neuromeres shows that the foregut isreceive an Egf signal from the midline and proliferate in
in the position at which neural midline cells would beresponse. A likely source of this signal is the foregut.
elsewhere in the CNS (Figure 1A).These findings raise the possibility that the brain lateral
Does the neural midline bifurcate around the foregut,to the foregut is an evolutionarily recent addition to the
or does the neural midline stop ventral to the foregut?arthropod brain, and that the anterior boundary of the
Do foregut cells express neural midline markers? I exam-brain neural midline is a conserved feature in bilaterally
ined the expression pattern of sim and saw that thissymmetric animals.
gene is expressed in the foregut (see [11]); it is strongly
expressed in the ventral foregut, where this tissue inter-
Introduction sects with the brain. This expression is present as the
foregut begins to invaginate (Figure 1B) and continues
In both vertebrates and invertebrates, neural midline at a high level throughout embryogenesis (Figures 1C–
cells influence the development of CNS tissue. In verte- 1E). I did not see expression of sim (as assayed by using
brates, signals originating from neural cells located at reporter genes and antibody) in the midbrain at any
the midline of the CNS (the floor plate) pattern adjacent developmental stage. Also, at no stage did I observe
neural tissue (see [1] for review). Similarly, the insect sim expression in the glia that lie between the foregut
Drosophila has neural midline cells in the ventral nerve and the circumesophageal connectives; instead, these
cord that express a combination of molecules that dis- glia express Repo (Figure 1A), which is a marker for
tinguishes them from other CNS cells [2]. When these lateral glia in the CNS but is not expressed in neural
neural midline cells are ablated, there is a decrease in midline cells [12]. This shows that cells expressing the
the number of neural cells located in the ventral nerve neural midline marker sim do not bifurcate around the
cord [3]. Molecules that are expressed in Drosophila foregut, but, rather, it is the foregut cells that express sim.
neural midline cells include the bHLH-PAS transcription Next, I examined rhomboid expression and found
factor Single-minded (Sim), which regulates neural mid- strong expression in the same ventral foregut cells that
line fate [4], Rhomboid, which processes the Egf recep- express sim (Figures 1F, 1G, and 1I). rhomboid is also
tor (Egfr) ligand Spitz [5, 6], and Vein, which is a secreted expressed in the midbrain in a dynamic pattern (Figures
ligand for Egfr [7]. All of these molecules are involved 1H and 1J). Coexpression of rhomboid and sim in the
in Drosophila ventral nerve cord development [8, 9]. foregut was confirmed by using the anti-Sim antibody
Some Egfr pathway molecules also act in the midline in embryos carrying the rhomboid reporter gene (data
in the dorsal-most region of the embryonic brain [10]. not shown). vein encodes a ligand for Egfr and is also
However, in the region of the deutocerebral and tritoce- expressed in the foregut adjacent to the brain (Figures
rebral neuromeres, a proper neural midline is missing, 1K and 1L). Also, vein is expressed in a dynamic pattern
and instead the foregut is located at the midline, with in the midbrain (Figures 1M and 1N). This shows that
foregut cells adjacent to the brain express markers simi-
lar to those expressed in neural midline cells, even*Correspondence: paged@mrc-lmb.cam.ac.uk
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Figure 1. The Expression of sim, rhomboid, and vein in the Brain Midline
(A) Arrangement of the foregut and brain in wild-type Drosophila embryo. Solid lines mark the epithelium of the stomodeum or foregut (fg).
Dashed lines mark the ventral midline. The fluorescent image shows the position of Repo-expressing lateral glia (green), and CNS axons are
in red (marked with BP102). The schema shows that the ventral neural midline is interrupted by the foregut. fg, foregut; b1, protocerebral
neuromere; b2, deutocerebral neuromere; b3, tritocerebral neuromere; sbg, subesophageal ganglion.
(B) ES 10 embryo showing expression of sim in the ventral foregut, as it invaginates past cells of the subesophageal ganglion (white dashed
lines).
(C) ES 14 embryo showing continued sim expression in the foregut (solid white lines) at the foregut-brain intersection. Note that the position
has shifted posterior, corresponding with the morphogenetic movement of the brain.
(D) ES 15 embryo, viewed frontally to show sim expression in the foregut.
(E) ES 15 embryo, viewed dorsally, again showing sim expression in the foregut (arrow). This expression pattern was confirmed by using the
anti-Sim antibody; in these embryos, additional staining was seen in the dorsal anterior foregut starting around ES 13 and in a small number
of cells adjacent to the preoral brain commissure (data not shown).
(F) ES 10 embryo showing rhomboid-lacZ expression in the ventral foregut (arrow).
(G) ES 14 embryo showing rhomboid-lacZ expression in the foregut at the foregut-brain intersection (arrow).
(H) ES 10 embryo showing rhomboid-lacZ expression in midbrain cells (arrow); expression in the anterior foregut can also be seen here
(arrowhead).
(I and J) ES 10 wild-type embryos showing the pattern of rhomboid in situ hybridization. (I) Embryo with staining in the ventral foregut (arrow).
Note staining in the dorsal foregut that is not seen in rhomboid-lacZ embryos. (J) Staining in midbrain cells (arrow) and in the anterior foregut
(arrowhead).
(K–N) Wild-type embryos showing the pattern of vein in situ hybridization. (K) ES 10 embryo with staining in the ventral and dorsal foregut
(arrow). (L) ES 13 embryo with vein expression in the foregut (arrow). (M) ES 10 embryo showing vein expression in midbrain cells (arrow) and
in the anterior foregut (arrowhead). (N) ES 13 embryo with weakening vein expression in midbrain cells.
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Table 1. Penetrance and Expressivity of Phenotypes
Severity of Defects (% Penetrance)
Average Cell Counts in Average Cell Counts in
Genotype    Whole Population (SD)  Embryos (SD)
Wild-type — — — 1807 (205) —
rhomboid7m43 0 20 80 1269 (245) 1119 (136)
veinP10567 5 25 70 1519 (280) 1429 (178)
single-minded2 0 30 70 512 (290) 212 (67)
Egfrf1 25 20 55 703 (557) 175 (75)
The value given for cell counts is the average area in m2 occupied by Elav-expressing nuclei. For Egfrf1 flies, data were collected from
embryos that were temperature shifted at ES 9, as described in the text. Statistically significant deviations in the midbrain area from wild-
type were seen in all groups of mutant embryos. n  20 in all cases. Severity of defects was rated as follows:  embryos showed the
complete phenotype described for the mutation in the text of this paper,  embryos showed some of this phenotype, and  embryos did
not show this phenotype.
Figure 2. Disrupting sim or Egfr Signaling Results in Brain Patterning Defects
All embryos are viewed laterally.
(A–E) Embryos are at ES 15/16; neuronal nuclei are in blue (anti-Elav), glia nuclei are in green (anti-Repo), and axons are in red (anti-Fasciclin
II). The approximate limits of the midbrain are shown with white dashed lines. (A) Wild-type embryonic brain. (B and C) Embryos mutant for
rhomboid, showing (B) diminished midbrain and the (C) circumesophageal connectives that are frequently broken at ES 16 (arrow). (D) Embryo
lacking Vein function, showing a slight loss of midbrain. (E) Sim embryo showing loss of brain lateral to the foregut.
(F–I) ES 11 embryos showing the pattern of (F and H) rhomboid or (G and I) vein in situ hybridization in sim mutant embryos. (F) Loss of
rhomboid expression in the ventral foregut (arrow). (G) vein expression is also lost in the ventral foregut (arrow). (H and I) In the midbrain,
rhomboid and vein expression is decreased (arrow).
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Figure 3. Temporal and Spatial Characteristics of Egfr Signaling, and the Effects of Sim on Proliferation and Apoptosis in the Midbrain
All embryos are viewed laterally.
(A–C) All embryos are at ES 15/16; neuronal nuclei are in blue (anti-Elav), glia nuclei are in green (anti-Repo), and axons are in red (anti-
Fasciclin II). The approximate limits of the midbrain are shown with white dashed lines. (A) Embryo in which Egfr function was removed at
ES 9, showing loss of midbrain. (B) Embryo in which Egfr function was removed at ES 10, showing loss of midbrain. (C) Embryo in which Egfr
function was removed at ES 12, not showing loss of midbrain, but showing a disruption of circumesophageal connective formation (arrow).
(D–G) All embryos are stained with anti-DpERK antibody. (D and E) Wild-type embryos. (D) ES 8 embryo with staining in the head ectoderm.
(E) ES 11 embryo showing light staining in the midbrain. (F and G) sim embryos. (F) ES 8 sim embryos showing staining in head ectoderm.
(G) ES 11 sim embryo lacking staining in the midbrain.
(H) ES 15 embryo of the UAS-Egfr*, UAS-lacZ/1407-GAL4; sim2/sim2 genotype. The loss of the midbrain in a sim background is rescued by
expressing activated Egfr in neural cells. Activation of Egfr in the midbrain of these embryos was verified by staining with anti-DpERK antibody,
which showed increased staining throughout the CNS (data not shown).
(I–K) All embryos are at ES 12 and are stained with the mitosis marker anti-Phosphohistone-H3. The approximate limits of the midbrain are
marked with dashed black lines. (I) Wild-type embryo. (J) In sim embryos, proliferation in the midbrain is decreased. (K) Overexpressing
Rhomboid using sim-GAL4 leads to increased proliferation in the midbrain.
(L–O) Embryos marked with TUNEL staining. (L) and (N) are wild-type embryos, and (M) and (O) are sim embryos. (M) In ES 12 Sim embryos,
apoptosis is not increased in the midbrain (compare with [L]). (O) ES 15 sim embryo showing an increase in apoptotic cells in the midbrain
(arrow) (compare with [N]).
though they originate from a different primordia. The function of rhomboid results in a loss of midbrain (Table
1, Figures 2A–2C). I saw a similar, but less severe, resultforegut is ectodermal in origin, while the neural midline
arises from the mesectoderm [13]. in vein embryos (I will refer to loss of function mutants
here as “”) (Table 1, Figure 2D). In the ventral nerve
cord, Sim influences the expression of Egfr signalingThe Function of Neural Midline Genes
in Midbrain Development molecules [2], and loss of Sim function results in a dis-
ruption of connective development in the brain [14];Next, I wanted to know if these neural midline markers
function in the patterning of the midbrain. Removing the thus, sim could be involved in midbrain ganglia develop-
Table 2. Proliferating Cell Counts
Severity of Defects (% Penetrance)
Average Cell Counts in Average Cell Counts in
Genotype    Whole Population (SD)  Embryos (SD)
Wild-type — — — 4.8 (0.8) —
single-minded2 15 15 70 2.2 (1.6) 1.9 (0.9)
single-minded-GAL4, UAS-rhomboid 45 15 40 6.0 (1.6) 6.3 (1.5)
Assayed with anti-PH3 antibody. Statistically significant deviations in mitotic cell counts from wild-type were seen in both groups of embryos.
n  20 in all cases.
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Table 3. Empty Spiracles-Expressing Cell Counts
Severity of Defects (% Penetrance)
Average Cell Counts in Average Cell Counts in
   Whole Population (SD)  Embryos (SD)
Wild-type — — — 3.8 (0.8) —
single-minded2 10 25 65 1.8 (1.4) 1.6 (1.0)
Egfrf1 10 30 60 2.2 (1.6) 2.0 (1.3)
forkhead6 15 20 65 2.1 (1.3) 1.8 (1.1)
Assayed with anti-Empty spiracles antibody. Statistically significant deviations in counts of Empty spiracles-expressing midbrain cells from
wild-type were seen in all groups of embryos. n  20 in all cases.
ment. In sim embryos, the midbrain is mostly deleted I did not see DpERK expression in the midbrain at ES
(Table 1, Figure 2E). This phenotype includes, but is 11 (Figure 3G). Thus, it appears that the early activation
stronger than, the rhomboid phenotype or the vein of Egfr in the surface head ectoderm occurs indepen-
phenotype, suggesting that these Egfr signaling mole- dently of Sim, whereas later Egfr activation in midbrain
cules act cooperatively downstream of Sim. To test this, cells depends on Sim. This later Egfr activation period
I examined the expression of rhomboid and vein in a (ES 11) occurs within an hour of the critical time at which
sim background, and I found that the expression of Egfr function is required for normal midbrain develop-
these two genes is missing in the ventral foregut at the ment based on Egfr temperature shift experiments (late
intersection with the brain (Figures 2F and 2G) and that ES 10).
expression in the midbrain is diminished (Figures 2H My second approach was to express a constitutively
and 2I). The midbrain phenotype of rhomboid mutants active form of Egfr by using a nervous system-specific
is stronger than that of vein mutants, suggesting that driver in sim embryos to see if this is sufficient to rescue
Rhomboid, and thus Spitz, are more important effectors the sim mutant phenotype. These embryos showed res-
of Egfr activation in this region. Vein may act to boost toration of the midbrain, including ganglia and axon
the levels of Egfr activity in a manner similar to what tracts (Figure 3H), in 55% of embryos (n  20). The
happens in the embryonic ventral ectoderm [15]. average midbrain area, as assayed by measuring the
area occupied by Elav-expressing cells, in rescued em-
Temporal and Spatial Characteristics of Egfr bryos was 1911 m2 (267 m2) (n  20). These results
Activation in Brain Development argue that Sim acts upstream of Egfr activation in the
A prediction would be that the midbrain phenotype for midbrain and that the brain phenotype resulting from
Egfr embryos should resemble that of sim embryos. disrupting Egfr signaling can be accounted for by a loss
I used a temperature-sensitive mutation in Egfr to cir- of Egfr activation in the midbrain.
cumvent the widespread patterning defects associated This cooperative influence of Sim and Egfr signaling
with early loss of Egfr and found that, when Egfr function
originating from the midline may be a situation unique
is removed at ES 9, a midbrain phenotype results at ES
within the Drosophila CNS; in the ventral nerve cord,
15 that is as strong as that of sim (Table 1, Figure 3A).
midline cells influence the development of lateral CNSA shift at late ES 10 also results in a loss of midbrain
tissue, but they do so in a manner that is not directlyganglia (Figure 3B). Importantly, removing Egfr function
mediated by the Egfr pathway [3]. The observation thatat late ES 12 does not result in a gross loss of midbrain;
both rhomboid and vein mutant embryos have weakerhowever, in these embryos, the circumesophageal con-
midbrain phenotypes than single-minded or Egfr mu-nectives are sometimes disrupted (Figure 3C). To visual-
tants means that Egfr ligands other than Spitz and Veinize where and when Egfr is activated in the brain, I used
may also function in midbrain development.an anti-DpERK antibody, which marks cells in which
Egfr has been activated by recognizing MAPK phos-
phorylation [16]. Egfr is strongly activated in the surface
Perturbations in Egfr Signaling Changes thehead ectoderm around ES 8 (Figure 3D), and activation
Pattern of Proliferation in the Brainis weak in the midbrain at early ES 10. There is a brief
What is the cause of the reduced midbrain in the ab-period of stronger activation in the midbrain around ES
sence of Sim and Egfr signaling? One possibility is that11 (Figure 3E), which fades through ES 12. Thus, based
the pattern of proliferation in midbrain neuroblasts ison the temperature shift series and the DpERK assay,
disrupted. In wild-type embryos at early ES 12, cellsit appears that a critical period for Egfr activation in the
undergoing mitosis are visible among the neuroblastsdeveloping midbrain is around ES 11.
in the midbrain (Table 2, Figure 3I). Importantly, in sim
embryos, the number of midbrain cells undergoing mito-Sim Is Required for Egfr Activation in the Brain,
sis is reduced (Table 2, Figure 3J). Also, increasing mid-and Egfr Activation in the Brain Can Rescue
line production of Egfr ligand results in an increase inthe sim Mutant Phenotype
proliferating midbrain cells (Table 2, Figure 3K). TheseTo see if Sim acts upstream of Egfr activation, I used
results demonstrate a connection between proliferationtwo approaches. First, I examined the pattern of DpERK
and Sim function and argue that reduced proliferationin a sim background. At ES 8, I saw DpERK in cells on
the surface of the head ectoderm (Figure 3F). However, contributes to the loss of midbrain tissue in sim mutants.
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Apoptosis Does Not Increase until Late
Embryogenesis, When Egfr Signaling
Is Disrupted
Does Egfr signaling function to maintain cell survival
during brain development, as happens in the ventral
nerve cord [16, 17] and in the dorsal-most region of the
brain [10]? I looked at the pattern of apoptotic cells in
the midbrains of wild-type and sim embryos by using
the TUNEL method, and I found no difference until late
embryogenesis, when there is a slight increase (Figures
3L–3O). The cells dying may be glia associated with the
circumesophageal (longitudinal) connectives that need
Egfr signaling to survive; a similar mechanism has been
demonstrated in the ventral nerve cord [17].
Influence of sim and Egfr Mutants on Populations
of Brain Cells
The midbrain normally expresses the gap gene empty
spiracles and the homeotic gene labial, both of which
are required for normal midbrain development [18–20].
Thus, I examined the expression of Empty spiracles and
Labial in the brains of sim embryos. Empty spiracles
is normally expressed in the deutocerebral and tritocere-
bral neuromeres [19]. In sim embryos, expression in
the midbrain is normal early, but at later stages, fewer
cells express this protein (Table 3, Figure 4A). Removing
Egfr function results in a similar phenotype (Table 3,
Figure 4A). Labial is normally expressed in the tritocere-
bral neuromere [21], and, in sim embryos, the number
of Labial-expressing midbrain cells appears to be nor-
mal (Figure 4A). A similar result was seen in Egfr em-
bryos (Figure 4A).
Loss of forkhead Function Affects the Number
of Empty Spiracles Expressing Brain Cells
What happens to Empty spiracles expression when the
foregut source of Sim is removed? When the foregut is
disrupted genetically (by using Forkhead embryos
[22]), the brain is diminished as compared to wild-type
[23]. In forkhead embryos, the number of midbrain
Empty spiracles-expressing cells is reduced (Table 3,
Figure 4A). Also, Labial expression in the midbrain ap-
pears normal (Figure 4A). Forkhead is expressed in the
neural midline [22], so I wanted to see if forkhead mu-
tants lack brain midline glia, which could signal to the
midbrain (their position just ventral to the foregut is
shown in Figures 1B–1D). In forkhead mutant embryos, Figure 4. Effects of Sim and Egfr Mutants on Empty Spiracles and
Labial Expression in the Midbrainthe midline glia ventral to the foregut are still present
(Figures 4B and 4C). These results show that the foregut (A) All embryos are viewed laterally and are at ES 12. The approxi-
mate limits of the midbrain are marked with dashed black lines. Thisis a likely source of signals for the developing midbrain.
panel shows that the expression of Empty spiracles in the midbrain
is diminished in sim embryos, or when Egfr function is removed
Conclusions immediately after collection, or in forkhead (fkh) embryos. Labial
These data lead to a model for how Egfr signaling helps expression does not appear to be effected.
(B and C) ES 15 wild-type and fkh embryos, respectively, withpattern the midbrain in Drosophila (summarized in Fig-
midline glia marked with anti-Wrapper antibody. There does noture 5A). Sim expression in the foregut leads to produc-
appear to be a loss of midline glia in fkh embryos. Note that Wrap-tion of an Egf signal that is received by midbrain cells
per is not expressed in the midbrain at any developmental stage in
and expands a population of neuroblasts, some of which wild-type or fkh embryos.
express Empty spiracles, by promoting proliferation.
These findings may help us understand how the brain
arose in evolution. Snodgrass [24] argued that the archi- to the foregut, and that there were connectives that
connected the archicerebrum to the ventral neural masscerebrum (the primitive arthropod brain) was located
dorsal to the foregut, with minimal brain ganglia lateral (subesophageal ganglia). We can imagine a situation in
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Figure 5. Summary Schemes
(A) A hypothesis regarding the action of Egfr
signaling in Drosophila midbrain develop-
ment. Sim-expressing cells of the foregut
produce an Egf signal (red with white arrows)
that is received by midbrain neuroblasts
(blue), leading to proliferation of midbrain
neuroblasts and ultimately to the filling in of
the brain lateral to the foregut with ganglia.
(B) A hypothesis regarding the evolution of
the arthropod brain. The ancestral arthropod
brain consisted of an archicerebrum, a ventral
(subesophageal) neural mass, and connec-
tives that connected these two structures
around the foregut, which had minimal brain
ganglia lateral to it. Among the patterning
molecules expressed in this ancestral brain
were foci of Empty spiracles (blue) and Labial
(green) expression. As arthropods evolved,
ganglia adjacent to the foregut expanded
with the help Egfr to fill the area lateral to the
foregut with brain ganglia.
which sim expression extended anterior from the anlage although there is some overlap [30]. Furthermore, the
anterior pituitary itself derives from an outpocketing ofof the neural midline into the foregut anlage, thus
allowing strong production of an Egf signal that facili- stomodeum (mouth) ectoderm called Rathke’s pouch.
It is worth considering that the anterior limit of the floortated increased proliferation of neuroblasts in the adja-
cent brain (Figure 5B). Ultimately, this led to the expan- plate in the vertebrate diencephalon, adjacent to where
the pituitary is located, represents the vestige of ansion of brain ganglia so that the area lateral to the foregut
was filled in with ganglia. Considering the view that de- arrangement present in an ancestor of protostomes and
deuterostomes where the neural midline extended intovelopmental timing may reflect phylogeny, it is worth
keeping in mind that the ganglia lateral to the foregut the primitive brain and stopped at the mouth, which
then pulled out of the brain as deuterostomes evolved.form last in the Drosophila brain. This provides a basis
for speculation that the brain ganglia lateral to the fore- This removal of the mouth from the brain midline would
have created additional space for neural tissue in thegut are an evolutionarily recent addition in embryonic
arthropods. brain, possibly corresponding with the development of
complex behaviors in deuterostomes.We can also use these findings to revisit a hypothesis
put forward by Anton Dohrn in the late 19th century [25] The degree of complexity of the brain in the last com-
mon ancestor of protostomes and deuterostomes isand subsequently reiterated and elaborated upon by
others, including Richard Owen [26], and more recently something that is not clear at present. While molecules
such as Hedgehog/Sonic hedgehog [31, 32], Sim/Sim1by Arendt and Nu¨bler-Jung [27–29]: the region of the
diencephalon that includes the pituitary and infundibu- [11, 33], and Forkhead/HNF3- [22, 34] are expressed in
the neural midlines of protostomes and deuterostomes,lum in vertebrates represents the site where the ances-
tral mouth was located. According to this hypothesis, a their function in the development of these tissues ap-
pears to vary. For example, in Drosophila forkheadcommon ancestor of bilaterally symmetric animals had
a brain that formed around the foregut. As protostomes embryos, midline glia in the subesophageal ganglion are
not grossly disrupted, whereas HNF3- appears to haveand deuterostomes diverged, the old mouth was lost,
and a new mouth formed on what was the dorsal side a more critical function during floor plate development
in the vertebrate CNS [35]. Thus, it is possible that in theof the animal. A prediction can be made from this hy-
pothesis: if the ancestral arrangement of the foregut and last common ancestor of Bilateria there was a primitive
collection of neural cells at the midline that expressedbrain in Bilateria was like the one seen in protostomes
(the foregut passing through the brain), and if the pitu- these markers, and as protostomes and deuterostomes
diverged, these molecules were differentially recruiteditary marks the spot where the ancestral mouth was
located in deuterostomes, then the neural midline in to make more elaborate neural midlines.
deuterostomes might stop in the diencephalon where
Experimental Proceduresthe pituitary is located. Importantly, in vertebrates, the
floor plate cells of the CNS extend from the caudal CNS
Fly Stocksand stop at the diencephalon, the region where the pitu-
As a wild-type fly stock, Oregon-R flies were used. The following
itary is located. In the forebrain anterior to the floor plate strains were also used (all strains are described in Flybase): 1407-
are rostal ventral midline cells that express a different GAL4, UAS-Egfr* (constitutively active Egfr, Egfr::toract.Scer\UAS), UAS-
lacZ, UAS-tau-GFP (Avic\GFPScer\UAS.T:Btau\MAPT), UAS-ve32 (UAS-rhom-set of markers than those expressed in the floor plate,
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boid), Egfrf1 (temperature-sensitive allele), forkhead6, rhomboid7M43 an estimate of the effects of mutation on midbrain development.
For all groups of embryos measured, n  20. The data presented(this stock also contains roughoid1, which is a viable hypomorphic
allele of a gene involved in Egfr signaling [36]; however, this allele here are not intended to represent the absolute size of the brain,
but rather to give a comparison of approximate brain area betweenon its own does not appear to have a gross effect on brain devel-
opment [data not shown]), rhomboidX81 (rhomboid-lacZ), sim2, and groups of embryos.
sim-GAL4 (Scer\GAL4sim.PS). veinP10567 [37] was also used. For iden-
tifying mutant embryos, balancers expressing GFP or -Galactosidase Acknowledgments
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